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Title: 



MULTILAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

[0001] The field of .this invention relates to downhole screens, which can be 
expanded into contactiwith die formation, 
Background nf the Invention 

[0002] Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,61 1,399. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
turn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent 6,012,522. In mis patent, overlapping segments of screen are 
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plaC ed on . base pipe, which is expanded - — ^ h 

^on in ft. wcU bore or a lateral. T* — »f to * 
^ of the fil^ring material — ^ nroved » - «- -* -** 

». » fcaring whir* in *. - r«u« * . failure of me expanded screen assembly 
to comro. the paction of sand. Anomer shortcoming of such designs is *e Unuted 

capacity to withstand collapse. 

Ofcer parents bating to pipe expand are: U.S. Paten, 5,901,789 and 



5,366,012. 

[00 „51 The main objeeuve of the pmseo. invention is to al>ow easy insinuation of dre 
SOT en to the desired docation followed by expansion to reduce the volume of the 
s^ar space around tire screen. Yet anomer object of mo invention is to expand me 
^ against the formation to endrdy etiminate the annolar space around it Yet 
mott er objective of the present nation is to allow the.se of me sttucture of the 
s^en downbole even, without expansion. Another elective of me present invention 
is ,o decease the .mount of stress on the fflttadon member when expanded. Yet 
s^er objective of the present invention is to provide a sigmficadly steonger 
3^ for the finished product, which even after expausion presents a greet* 
^stance to collapse. Another object of the invention is to provider mu<* as 
possible, ummrmity in me opening size of me filtration layer after the:assembly is 
acpm5ei . Anomer objective is to provide sufficient strength in the assembly, after 
s^on tt, allow it to better resist differentiahpressures. Still anomer objective is to 
^uce the effort required for expansion and to stage tire overall expansion in dis«te 
steps. These and outer advantages of me present invention will be appreciated by 
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those skilled in the art from a review of the description of the preferred embodiment, 

which appears below. > 

SUMMARY TTTF. INVENTION 

l0 006] A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe, The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 
pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 
protects the assembly during run in. The assembly can be used as made or expanded 
downhole in one or a series of expansions. i 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Fig. 1 is cutaway view, partly in section,: showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in amulti step expansion: of the filter 
assembly. i 

[0010] Fig. 4 is a section view of a second step, in a multi step expansion of the filter 
assembly • 

[0011] Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of: the present 
invention. 

vr r att .«n tuts m TPTTON O* ^ PREFERRED EMBODIMENT 
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[0012 , Referring to Fig. 1, foe various lay- ofihe prefaced embodiment are shown. 
m iooermos, layer it a performed base pipe 10, which ha, a piuraltty. of openings 
12. Base pipe 10 provides a firm foundation fox the layers above. The patten, of the 
fcoles 12 is optimized to strike the best balance betweea coUapse resistence after 
e^on and rmninnzation of the force required to expand fins layer and those 

in foe raoge of up to about 30%. The base pipe 10 can have foreads 14 and 16 at 
opposite ends to allow secttous of the filter assembly A to be secured together, giving 
g^ter torsion and tension sttengm for me filter assembly A. A coating 18 made 
p^lyfem.pl^cm^oanbewUedtothemsid.ofmeb^pip.lO.Tta 

Whitford Corp. manufoctores me coaring under the name Xylan 1052.Ulthna.ely, 
when an expander 20 (see Fig 3) is moved through base pipe 10, me coating 18 will 
reduce the required expansion force. The greater collapse resistance of thebase pipe 
10 promotes borehole stability after expansion, The optimization of the«penings 12 
p^tes me highest expansion rate for a given material for base pipe 10 while still 
teving sufficient inflow area through the pipe openings or perforations 12. Using 
rom d, rounded, or oval opening instead of dots provides for a meehanicaUy stronger 
filter assembly A. In the preferred embodiment, the eoatiug 18 is Xylan and it can 
provide a reduction to required force for a given expansion by as much as 50%. The 
coating 18 also helps resistance to galling by the expander 20 or i subsequent 
expander such as 22 (see Fig. 4). 

l0 013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24. is 
between base pipe 1ft and filtration layer 26. Tbe drainage layer 24 promotes flow 
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^een the filtration layer 26 and the openings U of the ^ pipe 10. * *. 
proved —en, to drainage * is, weav, se.ec.ea from a broad ana, 

of .netels. A .raided weave design is currently prefer^ although — — 
pa^canbensedThepref^ma^isavaaabl.ftomJe.seyHoseas.a-S.M 

SS Braid 600 304B. The drainage layer 24 proteo* fte filtration layer 26 ftonr buns 
or puckers around the edges of openings ,2. In .he even, of high differential pressures 
,„ production, 4. presence of the drainage iayer 24 provides stiucteral support 
for are filiation layer 2*. The braided wire drainage layer 24 could he subsfiftted 
a shroud of some type, aMn to outer shroud 34, ft* would have standoff from 
the base pipe 10. 

,00141 Mounted overlfte drainage layer 24 is the filtration layer 26. Tne filtration 

weave. Tnis material gives very reliable rmif«mHy to tire opening size, after 
o^oa in fttis tn^ner there can he confidence in the particle to which will no, 
pMfilttati „nla,er2 6 whUe giving greaterpro^cfionagainat plugging orftepassage 
of to o many parfic.es. An ahown in Fig. 1, fire filtintion lay- 26 is orient a. an 
^e » the .ongitodinal asis of fir. filter assembly A. This angle can bs in fire range 
of about 1 0 to about 80 degrees wifir about 20 degrees bedng prefer^. Orienfing ft. 
fiitering layer 26 a. an angle allows minimization of change in opening size artd 
^ifomfity, resulting ,fi»m expansion. The D** Twill weave provides greater 

^ A reverse weave is one where the diameter of fte weft (sbute) wires 28 is 
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teg e, tan ft. warp wires 30 by as orncb as about 50 percent, tbc combination of the 
aogrtar placement of,*, filtration layer 26 by a spiral winding technique coupled 
„«„ a reverse weave yields a more predictable and uniform opening size after 
expansion. 

[00151 Mounted over .the filtration layer 26 is the filtration enhancement layer 32. 
This layer promotes greater flow emotivity from the outermost layer, the outer 
shroud 34.Layer32aetsasacoar S efilter to layer 26 and prolongs the fife of filtration 
layer 26. This can be seen in the graph of Fig. .5, where the addition of the filtration 
enhancement layer is curve 36. The same filter assembly A of the present invention 
but without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
represents the performance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates that the addition of the filtration enhancement 
layer 32 nearly triples the time it takes to buHd up a backpressure of40PSIG for the 
same flow conditions: Leaving out the filtration enhancement layer 32 also makes 
that version of the present invention perform somewhat comparably to the known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave, Compound Balanced, Tight Tuck, and Braided Weave, A suitable 
Compound Balanced -material is available from Porous Metal Products, model # 
CB_3_96_192_21/24.:A metallic material is preferred. 

[00161 The outer shroud 34 is preferably formed from spirally winding a perforated 
sheet totoatobe.Theholesize and pattern is optinnzed to fecmtate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have the 
inflow area of the openings maximized but to limit the opening size and use a 
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^ pane, so fta. the outer shroud will no, buckle or tear, when expanded. Tbe 
^ puIp o S e of the outer shroud 34 is to protect fte layer below ftom damage 
during run in. 

, W17! ^ iayers con he joined together by swaging to reduce ft. outside diameter 
om .fiKerassemblyASwaginga>somak.sfte various .aye* act as one with regard 
to expansion and provide greater sbengm against eouapse after ex^nsioo. !, . 
prfened to anneal fte *4ividu*ly before swaging or to annea! fte 

ffllra fion assembly A after all -he component have been assembled, Doing ft. 
^ . gm** de^ee of expansion without Mure. Tbia benefit is prt** 

to 1800 degrees F. Annealing of the base pipe X0 is done before applying me coabng 
U due to me inability of.be coanng 1. «o wiftsteod the annealing temperatures. 
Sinte fing can be used, instead of swa^ng to join the layera togefter. It. Uyers are 
psefembly assembled in fte foUowing manner , m. braided wire of suitable drainage 
fcyer 24 is placed on the base pipe 10 which baa previously been drilled with holes, 
^ end threaded. Iben, fire filtmuon Uyer 26 is wmpped a. an angle over fte top 
of fte dramagelayer 24. Anofter Uyer, called fte fihmdon enhmmemen. layer 32 is 
pl *»d over fte top of fte filtration layer 26. Then, an outer staoud 34 is placed over 
to ffltrafion enhancement layer 32 and fte total package is run through a set of dies 
tWswagesorforcesaficomponentetovigomuslycont^ > 
[0.18] Thofilter assembly Ahasfteadvantegerfsuperiorpertananc^^efteritia 

^ Fig , J and 4 illusuute a umque step.wise expansion teebniqne. m a fim« 
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step, an expander 20 which may be a fixed cone or a cone with variaHe diameter is 
m0 ved do—, through me fflte assembly 1 A to achieve about a .5% expansion. 
At the lower end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or cone 22 to inerease the ovetall expansion to as mnch as 50%. 
As previously stated,more expansion steps can be used and different degrees of 
s^wise expansion and overall expansion can be oWained with mis technique. It 
should be noted that the second expansion does not necessarily have to poceed in a 
direction opposite the first expansion. 

[0019] THere are many applications of the filter assembly of the present invention. In 
horizontal open hole completions there are usually more than 1,000 feet of contact 
with the productive formation, sometimes in excess of 9,000'. Because there is so 
xnuch contact the amount of production per foot is very low. In most cases if the 
theoretical production per foot was traveling into a screen directly opposite of the 
formation then the velocity would be too low to transport sand from unconsolidated 
formations or cause erosion. There are many wells in which erosion is.taking place 
and sand is being produced. Presently there are a couple of theories that explain this 
occurrence. First the formations may be so unconsolidated that Ihey simply fell apart 
when the pressure in foe well bore used to control the weU durmg ldrilHng and 
coxnpleting the weU is removed. This is referred to as hole or formation: collapse. A 
second possibility is that fluid flows along foe path of least resistance. This may be 
on the inside of a screen that is in place or along foe outside. As the flow proceeds 
towards foe beginning of foe open hole section, foe accumulative effects of 
production means foe .velocity is much higher towards foe top section (beginning) of 



WO 02/23009 



PCT/US01/27581 



fce screen to transported and to erade tho formation and aoreen. 
100201 By expanding scr** in an open hole horizontal well the annnlns.hetween .he 
^ and the fonnarion ean be greatly reduced or even eliminated.. Reduction of the 
amnios „eans greats resistance to flow and merefore prodnetion flow ia redueed on 
fce ^terior of the serein and inereaaed on fire interior. The reduction in eaerior flow 
m eans lower velocities near the well bore and therefore less sand .reusability and 
less erosion effects- • 

(00211 Expansion can also aid in fonnation stability by physically supporting the 
formation if the screen is expanded until it is touching the formation. Tins support in 
turn could prevent the collapsing of the formation when the pressure in the well bore 
is reduced, 

. [0022] In cased hole applications filtration assembly A offers foe advantage of a large 
inside diameter fox remedial work below its installation. Another advantage is that in 
frac packs and gravel packs all that is necessary to do is to place the proppant or sand 
in the perforation tunnels and formation fractures. Annular packs between the screen 
and foe casing, which are often difficult to achieve, are not necessary since expanding 
sc^ removes this annulus. The filter apparatus A could also be used in conjunction 
with a frac pack or gravel pack and subsequently expanded to back fill any voids in 
the annulus I pack or perforations not filled. 
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We claim: 

1. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are individually annealed prior 
to being joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 
degrees F. 

5. The assembly of claim 1, wherein: : 

said inside surface of said base pipe is coated to reduce the force 
neededdbr subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

7. The assembly of claim 6, wherein: 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 
9 The assembly of claim 6, wherein: 

dimension. 

10. The assembly of claim 6, wherein: : 

^dffl^layercom^.we.vehamgw.ftand^pwires.nd 

herein on, of .aid weft and warp wires is disposed at an angie of 
** 10-80 degrees with respect to the longitudinal aris.of said base 

pipe. > 

11. The assembly of claim 10, wherein: t 

said weft wires have a larger diameter man said warp wires by as 

much as about 50%. 
12. The assembly ©f claim 10,wherein: « 

said at least one filtration layer further comprises a woven drainage 
iayer on said base pipe and a main filtratton layer, said delayer 
^tecfing said man filtration layer ftombnrrs in openinga in said base 

13. He assembly of claim 12, further compriang: 

a fflttfion enhancement layer mounted ova said main filtration layer 
and further comprising a weave,'said drainage layer and said filtration 
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enhancement layer are spirally wound to orient wires therein in 
substantial alignment with said wires in said main filtration layer. 

14. The assembly of claim 10, wherein: I 

said openings in said base pipe are round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal ^axis, and a 

plurality of openings; 

at least one filtration layer mounted over said base pipe, 
• sa id inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

16. The assembly of claim 15, wherein: I 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly ofclaim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis:of said base 
pipe. » 

19. The assembly ofclaim 18, wherein: i 
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said layers each being annealed to facilitate subsequent expansion 
downhole; 

sadd filtiation layer and said base layer are swaged togefaer and said 
farther comprises solution anneating at up to about 1800 

degrees F- 

20. An expandable filter assembly for downhole use, comprising. 

a base, pipe having an inside surface, « longitodtaal .axis, and a 

ptarality of openings; 

at least one filtration layer mounted over said base pipe; and 

said filtration layer. 

21. The assembly of claim 20, wherein: i 

S a l dba S epipeisexpa n d^mstagesnp to ^ut30%abov.i K ori g tal 

dimension, 

22. The assembly »f claim 20, wherein: i 

said layers each being annealed to facilitate subsequent expansion 

downhole; 

said filtration layer and said base layer are swaged together and said 
..^eaifag farther comprises solution annealing at np to about 1800 



13. Theassemblyofclaim22, whereto: i 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said base 
pipe, i 

24. An expandable filter assembly for downhole use, comprising: 

' a base, pipe having an inside .surface, a longitodinal .axis, and a 
plurality of openings; 

at least.one filtration layer mounted over said base pipe, 

said filtering layer comprises a weave having weft and warp wires and 

wherein one of said weft and warp wires is disposed at an angle of 

about 10-80 degrees with respect to the longitudinal axis^of said base 

pipe, i 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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